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The article gives an analysis of the possibilities and limits of the concept of cological moderni-
zation. The concept was used already in the early 1980s to describe the common field of ecology 
and economy. The focus was on technological progress reducing the environmental impact of 
production and consumption. Hajer and other authors had a broader definition of the concept. 
But it could make sense to differentiate technical / non-te hnical solutions (the latter being less 
compatible with the economic system). The limits to eco-modernization strategies and the need 
for “structural” solutions could possibly better be demonstrated by the earlier concept. A policy 
for ecological modernization may be defined as the sum of government actions aimed to stimu-
late environmental innovations and their diffusion. Higher eco-eff ciency - instead of end-of-pipe 
measures - is its main objective. But innovation is a highly difficult task, especially for govern-
ments. No simple “instrumentalistic” solution is available. Therefore, a more complex policy 
pattern will be necessary. A more global policy approach would be the stimulation of “green” 
lead markets. As a rule a complex interplay between political and technical innovation and diffu-
sion can be observed. 
 
  
“Ecological modernization” describes, in its narrower technical- conomi  sense, the wide spec-
trum of possible environmental improvements that can be achieved through innovations beyond 
the purely end-of-pipe approaches. In sociological terms environmental problems, apart from 
their definition according to the respective social importance of those causing a problem and of 
those affected by it, can also be defined in terms of the technical options available. Normally an 
environmental problem for which we have a technical solution represents less eco-political diffi-
culty than one requiring intervention in the established production, consumption, or transport 
structures. The concept of ecological modernization here presented deals with this technical 
potential. 
In this context the mechanism for diffusing innovations acquires significance – epec ally when 
it comes to developing a global strategy for ecological modernization. Of particular interest in 
this process is the interplay between politics and technology. 
This discussion paper – together with reference to our own previous work – is intended to pre-
sent a general overview of the concept of ecological modernization and its possible perspectives. 
This paper defines the concept and examines various aspects for which it might be a suitable 
formula for integration. 
1 Ecological modernization – idea and term 
The term “ecological modernization” was coined in the early 1980s to provide a formula for the 
joint intersection between ecology and economy. The intention was that the urge for moderni-
zation in the developed market economies, driven by rat onalization motives and competitive 
pressure, should be linked with the long-term requirement for an ex ante more environmentally 
benign technological development. This concept was developed in a study for the “Berliner 
Wissenschaftszentrum” (Jänicke 1984). It was adopted in these circles quite early on (Huber 
1985, Simonis 1985, Zimmermann et al. 1990). The term “ecological modernization” was also 
used, in the above-m ntioned sense, early in 1982 in an economics debate in the “Abgeordneten-
haus Berlin”1 (Abgeordnetenhaus von Berlin 1982, 756 et seq.); moreover in the “alternative 
government declaration” issued by the editorial staff and advisory board of the magazine “Natur” 
following the German Bundestag elections in 1983 (Jänicke 1983). This document, ba e  on the 
example of employment-boosting environmental innovations in the production, energy, traffic, 
and construction sectors, further explained the concept and at the same time linked it with the 
idea of reforming the German tax system along more ecological lines. 
                                         
1 Translator's note: Abgeordnetenhaus, Berlin = Parliament (in those days before German unification) of 
West Berlin  
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Figure 1 Model and examples of environmental policy approaches (Jänicke 1984, 1995) 
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The “ecological modernization” debate was limited in the 1980s basically to a small community 
of Berlin sociologists. Subsequently it came to exert a strong influence o political discussion of 
environmental issues in Germany in social-demoratic circles, the trade unions, and later on also 
the Bündnis 90/die Grünen party. The “red-green” German government2, in i s coalition agree-
ment of October 1998, expressly described a program of “ecological modernization”. In he envi-
ronmental science debate, this term was already in widespread international use in the 1990s 
(Weale 1992, Hajer 1995, Cohen 1998, Mol/Sonnenfeld 2000, Murphy/Go ldson 2000). 
Modernization, in its economic core, is the systematic, knowledge-based improvement of proce-
dures and products. It is a compulsion inherent in capitalistic industrial societies which, given the 
pressure of competition for innovation in developed countries nowadays, has attained an addi-
tional significance. This compulsion incurs a number of problems and these have often been 
discussed. However, it is possible to influence its effects on technological progress. Indeed, 
exerting such influence is what “ecological modernization” means. This is a matter of changing 
the direction in which technical progress is developing. The compulsion to continuously improve 
procedures and products is now to be placed at the service of our environment. This is the origi-
nal economic-technical core of the concept, i.e. the development and application of ecologically 
adapted and thus future-capable technologies. The emphasis is on the possibility of ecological-
economic “win – win” solutions which can be achieved above all in cutting costs and succeeding 
in the competition for innovation. 
Since what the less developed countries with their standard products mainly face on the world 
market is price competition, the real chance for highly developed industrialized countries lies 
                                         
2 Translator's note: rot-g üne Koalition, red = SPD (Sozialdemokratische Partei Deutschlands), green = 
Bündnis 90/die Grünen  
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rather in competition in terms of quality and innovation where new, still unrivaled products can 
initially be more expensive. Developed countries after all have the qualifications and research 
capacity to keep on systematically bringing out new technological environmental improvements. 
The environmental question thus increasingly also becomes a motor for economic modernization 
(Brickwedde 1997). The view that “environmental policy is contributing towards the modernisa-
tion Swedish enterprise” (Ministry of Environment 1996: 5) is typical here. Liter ture pleads for 
an appropriate strategy: “How an industry responds to environmental problems may, in fact, be a 
leading indicator of its overall competitiveness ... Successful environmentalists, regulatory agen-
cies, and companies will ... build on the underlying economic logic that links the environment, 
resources productivity, innovation, and competitiveness" (Porter/van der Linde 1995, cf. Wallace 
1995). A more recent empirical study conducted in 44 countries indeed shows a clear connection 
between eco-efficiency and competitive ability (Sturm/Wackernagel/Müller, 2000). 
Ecological modernization starts beyond end- f-th  pipe approaches (clean-up technology) and 
way beyond merely reparative measures (see Figure 1). It may come in the form of incremental 
improvement (cleaner technology) or radical innovation (clean technology), where innovation 
means the initial market introduction of a new technology. The latter may improve some or all of 
the phases of a product’s life cycle. Incremental improvement affects such different dimensions 
as materials intensity (efficient use of resources), energy intensity (efficient use of energy), sur-
face intensity (efficient use of space), transport intensity (efficient logistics), or risk intesity 
(regarding plant, substances, products). Implicitly this also involves waste intensity, i.e. waste 
materials and harmful emissions (Jänicke 1984). 
The original, essentially technology-related concept of ecological modernization here utlined 
nowadays enjoys broader acceptance and has been supplemented with the idea of modernizing 
the social process in environmental aspects. Hajer distinguishes here between a “techno-corpo-
ratist” variant and a “reflexive” variant of the ecological modernization theory (Hajer 1995, cf. 
Beck 1986, Prittwitz 1993), where the latter includes the whole development direction of the 
social process. One can also distinguish, similarly, between an economic-techni al variant and an 
institutional-cultural variant of ecological modernization (Mol/Spaargaren, 2000: 20). 
Figure 2 Two concepts of ecological modernization (adapted from Mol/Sonnenfeld 2000) 
TWO CONCEPTS OF ECOLOGICAL MODERNIZATION 
· “Technocratic” – Ecological modernization as economic-technical transformation:   
– Incremental and radical innovations to increase eco-effici ncy including the social 
technology to stimulate such innovations (and their diffusion) 
· “Sociocratic” – Ecological modernization as social-institutional transformation: 
– Change of life-styles, consumption patterns, institutions, and paradigms  
(inter-generation solidarity, sufficiency) 
– “Reflexive ecological modernization” (Beck, Hajer) 
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Although I have always stressed the close inter-connection between ecological and political 
modernization myself (Jänicke 1993, cf. Tatenhove/Arts/Leroy 2000), I recommend to restrict 
the use of the “ecological modernization” term to increasing levels of eco-effici ncy. This may 
include political innovations to promote envir nmentally positive technical innovations and their 
diffusion just as much as environment-relieving social innovations (leasing, contracting, eco-
funds, etc.). This version of the “ecological modernization” concept thus concerns the innovative 
path of environmental policy along system-compliant lines where solutions to environmental 
problems emerge and diffuse as marketable supplies and services. We must distinguish between 
this system-compliant and successful path taken by environmental policy and the very much 
more difficult, so far often unsuccessful, but indispensable path of ecological restructuring be-
yond the merely technical options. Problem-solving in the form of ecological restructuring 
affects sy tems of behavior which – irrespective of technical e o-efficiency improvements – 
stand out by their high environmental intensity. Examples for restructuring the economic system 
along environmentally positive lines are the running down of environmentally intensive basic 
and raw materials industries, mining, and nuclear power. I will set out later on that it is an illu-
sion to believe that ecological modernization (in the narrower sense) always leads to the envi-
ronment-relieving sectoral restructuring of the economy. At this juncture therefore we need a 
distinction between the various concepts. In the wider sense ecological restructuring may be 
thought to include any environmentally positive changes in the infrastructure, traffic structure, 
housing structure, even in established consumer habits and life-style. The distinguishing feature 
in all these structural solutions is that they involve no marketable technologies and thus cannot 
use the inherent logic of the economic system as their driving force. Rather they rely on political-
social mechanisms and capacities being set up, which require a disproportionately greater effort. 
Therefore I plead for retaining the “ecological modernization” concept in its original economic-
technical version - in order to draw sharp and unmistakable boundaries for this concept.Other 
authors have made this important distinction within the concept of ecological modernization. 
Structural solutions are regarded as the “strong” variant of ecological modernization (Mol/ 
Spaargaren 2000). They take account of the fact we have emphasized here, namely that structural 
solutions indeed need stronger players, stronger capacities, and a stronger sense of re-orientatio  
than currently exist; (see Chapter 7). Precisely for this reason clearer conceptual distinctions 
would seem advisable. 
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2 The special characteristics of environmental innovations 
Taking as our point of departure this narrower, economic-technical version of the ecological 
modernization concept, certain strategic questions arise, namely: What are the driving forces of 
this process and how can they be reinforced? In this context certain special characteristics of 
environmental innovations must be considered. 
In research into economic innovations there is a predominant approach in which companies and 
their socio-economic radius of action stand in the foreground. The role played by the state and by 
politics is seen primarily in its provision of the infrastructure needed for the generation, transfer, 
and application of knowledge. Research policy and state promotion of research institutions are 
the central aspects (OECD, 1999). 
In the “Forschungsverbund Innovative Wirkungen Umweltpolitischer Instrumente“ (FIU) funded 
by the BMBF, “environmental innovations” were understood to be those innovations which 
resulted in an “improvement in environmental quality” (Klemmer/Lehr/Löbbe, 1999: 29). How-
ever, environmental innovations also tend increasingly to stand out by virtue of characteristics 
such as the following: 
Environment-related innovation and diffusion processes are to  large degree politically deter-
mined (Porter/van der Linde, 1995; Wallace, 1995; Kemp, 1997; Hemmelskamp, 1999). The 
state plays a role in environmental innovations which goes far beyond its technology-political 
significance. Markets for environmental innovations are very usually state-regulated markets. In 
this context NGOs such as Greenpeace can also play a market-cre ting role (e.g. the CFC-free 
refrigerator or the 3-liters-per-100-kilometers car). 
Environmental innovations are to a very high degree problem-specific. Since they are reactions 
to particular problem situations, usually already existing or foreseeable worldwide, they tend to 
have a better chance of meeting with worldwide demand. Insofar, they refer to the “futu  global 
needs” (Beise, 1999: 3) which are so important for lead markets and which represent a specific 
potential for international diffusion. 
This fact reduces, even though in a very general sense, the long-term uncertainty of trying to 
predict potential demand co itions as normally encountered with “normal” consumer prefer-
ences. As, on the one hand, the world’s population and industrial production increase and, on the 
other hand, the global environment’s capacity to absorb the effects tends rather to decrease, the 
possible dimensions of the demand for environmental efficiency at least offer innovators some 
sort of guiding framework. 
Innovations both in environmental technology and in environmental policy can nowadays count 
on a broad spectrum of transfer mechanisms beyond the market which – from the OECD, by way 
of the World Bank, right through to Greenpeace – help their rapid diffusion on the world market. 
Ecopolitical pioneer measures taken by states and the international orientation along “best prac-
tice” lines (benchmarking) serve to further reinforce these mechanisms. 
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These specific characteristics favor environmental innovations. There are also, however, factors 
restricting and hindering such innovations, namely the traditional end-of-pipe orientation 
(Hauff/Solbach, 1999) or the vested interests of environmentally intensive industries. Thus, an 
overall balance should be differentiated. However, the above-mentioned favorable specifics are 
highly significant when it comes to explaining the now undisputed fact that environmental policy 
(at least in its modernization variant) does not figure among the globalization losers – unlike 
fiscal or social policies; (see below). 
3 Innovation-friendly control mechanisms in environmental 
policy 
But how can environmental innovations be induced politically? In the present situation, politics 
in this respect is confronted by a task of considerable difficulty. Innovations are influenced by a 
number of especially dynamic and complex factors. This is no less true for environmental inno-
vations (Jänicke/Weidner, 1995; Conrad, 1996). Politics always acts in a climate of deep uncer-
tainty as to the effects of its actions (Luhmann, 1986). When it comes to the effects of innova-
tions this political uncertainty can only be deeper. Environmental innovators in particular often 
prefer not to wait until a suitable policy has been passed and enacted (Jacob, 1999) but often rely 
instead on the government’s recognition that a problem exists and on the early phases of policy 
formulation. Whereas with “normal” innovations state and politics form only one factor among 
many influencing the radius of action open to the potentially innovative company, environmental 
innovations benefit from the state’s clearly stronger role. 
The notion that state regulation and control by means of specific instruments could achieve 
specific innovation effects has, in the light of subsequent empirical investigations, met with 
growing skepticism. Initially this “instrumentalism” was increasingly criticized by empirical 
researchers in environmental policy; subsequently, however, this was relativized by represen-
tatives of the empirical environmental economy (Klemmer/Lehr/Löbbe, 1999; Hemmelskamp/ 
Rennings/Leone, 2000; OECD, 1999a). 
The afore-mentioned FIU combined project, ba ked by the BMBF, proposed a different political 
model which was developed on the basis of empirical innovation cases (plus theoretical analysis) 
and is said to take better account of the complexity of influencing factors. Here, not only the 
fabric of effects caused by said instruments but also the political style (Richardson, 1982) and 
the constellation of players play a particular role. 
This proposed innovation-oriented political model is shown in the following overview (Jänicke 
et al., 2000; Blazejczak et al,. 1999): 
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The core of the matter is a strategy which strengthens the ecological motivation of potential 
innovators, improves their situation regarding the available information, and above all cuts their 
investment risk by providing calculable data. Not until the second step does it become necessary 
to start promoting diffusion of ecologically adapted technology. A strategy of ecological 
modernization will begin with clear target data but with “soft” ins ruments and regard regula-
tions and official directives as the very last resort (Wallace, 1995; Jacob/Jänicke, 1998). The 
guiding axiom is: The more credibly the state threatens specifications and sanctions right from 
the outset, the more effective the “sof er” instruments will work. 
A rather management-oriented approach of this nature suggests itself when it comes to targeted 
environmental innovations in which potential innovators and target groups can be addressed 
directly. At the same time, however, it is important to promote innovations in a broadly effective, 
general way by addressing a wider spectrum of possible innovators less specifically and directly. 
In this situation classical regulation and control by means of broadly effective instrum nts would 
still seem appropriate. 
Recently, with a broadly effective set of instruments applied as part of innovation-oriented envi-
ronmental policy, it has been above all environmental levies and energy taxes that have gained in 
significance. Of course stat provision of the necessary infrastructure for research, development, 
and knowledge transfer – as innovation research has always stressed – is also critically impor-
tant. State-run “green” R&D programs play an important role in the innovation-or e ted pioneer 
countries in environmental protection (e.g. the Netherlands, Denmark, and Sweden). 
ELEMENTS OF AN INNOVATION-FRIENDLY POLICY FRAMEWORK 
Instruments are innovation-friendly if ... 
· they provide economic incentives, 
· they act in combination, 
· they are based on strategic planning and goal formulation,
· they support innovation as a process and take account of the different phases of 
innovation/diffusion. 
A policy style is innovation-friendly if … 
· it is based on dialog and consensus, 
· it is calculable, reliable, and has continuity, 
· it is decisive, proactive, and demanding, 
· it is open and flexible, 
· it is management-oriented. 
A configuration of actors is innovation-friendly, if it … 
· favors horizontal and vertical policy integration, 
· the various objectives of regulation are networked, 
· the network between regulator and regulated is a tight one, 
· the relevant stakeholders are included in the network. 
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Another important aspect is cooperative environmental planning as defined by “Agenda 21”. 
This contains elements of classical regulation and control and of public management systems. 
The use of strategic target data in the cooperative planning approach reduces the business risks 
involved in suitable innovation processes and offers innovators more reliably calculable invest-
ment conditions. If, for example, a hazardous substance has to be withdrawn from the market 
before a specified deadline, the potential supplier of a substitute substance has greater certainty 
with respect to the profitability of his research and investment planning. Moreover, sustained 
environmental planning can create motives for innovation insofar as it is linked to a broad target-
oriented debate on specific problem situations. Modern environmental planning is usually asso-
ciated with the formation of networks, among other things favoring the exchange of informatio  
so important for innovations. 
4 Political diffusion of innovations and the globalization of 
environmental policy 
As stated previously innovations in environmental technology and their diffusion are character-
ized by the fact that they are to large extent influenced and favored by environmental policy. 
How innovations in environmental policy for their part come to be and which structures and situ-
ational factors favor them are questions that have often been examined - not only in international 
comparisons but also in particular in individual US states; (literature: Jänicke, 1996; Kern, 
2000). How innovations in environmental policy are diffused is, by way of contrast, still largely 
uncharted territory in environmental policy analysis (Kern, 2000; Jörgens, 1996). 
The Forschungsstelle für Umweltpolitik (Environmental Policy Research Unit) at the Freie Uni-
versität Berlin (Free University of Berlin) has been looking into this topic for a number of years. 
During this time there have also been methodological innovations: To sum up, national state 
policy innovations and their international diffusion can be used to describe, in quantitative terms 
i.e. in simplified form, the development of global environmental policy (Kern/Jörgens/Jänicke, 
1999). It is possible, by way of policy monitoring, to treat innovations in environmental policy as 
indicators and evaluate these accordingly (from the establishment of an environment ministry 
right through to the introduction of a CO2 tax). It is also possible in the same way to assess the 
significance of and changes in the pioneer countries and the role of certain strategic countries 
without which rapid diffusion would not succeed. This procedure also allows us to deduce, from 
the diffusion rate, the level of difficulty involved in solving a problem. Monitoring individual 
measures in this way (as policy output) is of course not the same as proper effects analysis; but 
the method of empirically describing national and global policy developments with the aid of 
policy indicators can still be considered a step forward in environmental policy research. 
The result shows, for example, that the globalization of environmental policy, insofar as this is 
reflected at state level, can indeed be described using the analytic concpt of innovati  diffu-
sion: Standard solutions in pioneer countries are diffused worldwide, thus causing a substantial 
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measure of convergence in policy formulati n at national state level – irr spective of extremely 
different capacities for action. Unlike in the 1970s, when for example the USA or Japan had a 
major innovative function in global environmental policy, nowadays innovations in environ-
mental policy emerge strikingly often in small EU countries tightly integrated in the global mar-
ket (Jänicke, 1998). The - reformed - institutional fabric of the EU seems comparatively favor-
able both for innovations and for their diffusion (Héritier et al., 1994). The EU must firstly, at 
least in principle, accept a “high level of protection” in member states; it ust secondly seek to 
harmonize innovations in environmental policy implemented at national state level. Pioneer 
countries, for their part, often have an interest in anchoring their policy innovations within the 
EU framework in order to thus minimize their subs quent need to adapt to European policy. It is 
also often a matter of “Europeanizing” certain national pioneer measures favoring the particular 
country’s domestic industry. If diffusion takes place not by way of EU harmonization but from 
one country to the next, the policy innovation in question will often need first to be incorporated 
by one of the more influential EU countries before it achieves the necessary widespread impact. 
For example, the CO2/energy tax was already introduced in the Netherlands and the Scandina-
vian countries in the early 1990s - but the system did not receive the decisive push towards 
European diffusion until the red-gre n coalition government in Germany adopted it. The CO2 tax 
is an example of “horizontal” diffusion. It has yet to be established as a European measure. 
The diffusion of innovations in environmental policy thus takes place both directly from one 
country to another, i.e. by way of imitative political learning or “lesson drawing” (Rose, 1993) 
and by way of international institutions (e.g. OECD, UNEP, World Bank), organizations (e.g. 
Greenpeace), or expert-n tworks (e.g. the International Network of Green Planners). It is striking 
how rapidly many innovations in environmental policy are diffused. Environment ministr es 
have, in a period of just under 30 years, clearly asserted their position in the industrialized coun-
tries. Environmental plans, as defined under “Agenda 21”, just ten years after the Rio Confer-
ence (1992), are going to be more or less in place worldwide – though in extremely disparate 
quality. However, in other cases (e.g. soil protection legislation) the diffusion rate is clearly 
curbed by the difficulty of solving the problems involved. 
10 Martin Jänicke 
5 Interchange between diffusion of innovations in environmental 
policy and environmental technology 
Figure 3 Diffusion patterns of Environmental Innovation 
 
 
Environmental technologies are nearly always diffused by political mechanisms; (for more 
information regarding national domestic diffuion paths, see OECD 1999a: 51 et seq.). This can 
be attributed to the highly symbiotic fabric of interwoven interests. Suppliers of environmental 
technology seek the support of politicians - and politicians are always looking out for techno-
logical options – because precisely these are much asier to implement than any sort of structural 
intervention. 
However, the interplay between environmental policy and environmental technology in the case 
of innovation diffusion is characterized by a wide variety of possible constellations. Theoreti-
cally it is possible to distinguish between the following diffusion scenarios, depending on the 
factors leading to the political and technological innovations: 
Technology forcing (AÞBÞCÞD): An innovation in environmental policy in one country 
forces a technological innovation which is then only diffused internationally if also the political 
innovation is diffused (e.g.: catalytic converter technology in cars). 
Technological priming (BÞAÞCÞD): A new but already existing environmental technology 
induces a political innovation whose diffusion in turn encourages diffusion of the technology 









Policy induced Diffusion Technology induced Diffusion
• Technology ForcingA Þ B Þ C Þ D • Technological Initiative B Þ A Þ C Þ D
    e.g. Car Emission Standards & Technologies     e.g. desulphurization technologies
• Political Initiative A Þ B Þ D Þ C • Technological Dominance B Þ A Þ D Þ C
    e.g. Cadmium substututes     e.g. CHP Technologies
• Political DominanceA Þ C Þ B Þ D • Autonomous Diffusion B Þ D
    no example yet ?     e.g. Energy efficient technologies
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Political priming (AÞBÞDÞC): A national environmental policy leads to technological inno-
vations whose diffusion in turn encourages diffusion of the political innovation (e.g.: cadmium 
substitute 3).
Technological dominance (BÞAÞDÞC): An innovation in environmental technology is 
successfully diffused and as a result receives political support both nationally and i ternationally 
(e.g.: combined heat and power in industry 4). 
Political dominance (AÞCÞBÞD): The innovation in environmental policy is successfully 
diffused before a corresponding technology is available; (this scenario is, symptomatically, very 
rare in ecological modernization). 
Autonomous technological development (BÞD): An innovation in environmental technology is 
successfully diffused without political influence; (this scenario, beyond incrementally increasing 
energy efficiency in companies, e.g. coupled production as a purely economically motivated 
improvement, is clearly also rare). 
The above typology does not yet mention the scenario involving a state-supported infrastructure 
in the R&D sector (OECD, 1999). This is important for a global environmental policy compari-
son in that a suitable infrastructure can only be assumed in the developed industrialized coun-
tries. The intensity, direction, and breadth of state backing for environmental research are of 
course important variables in this internatio al comparison. However, this applies to every sort 
of innovation that is the subject of state attention. 
What we are discussing here are the specific characteristics in environmental innovations and 
their diffusion. There is considerable evidence to support the assumption that autonomous emer-
gence and diffusion of innovations in environmental technology is the exception rather than the 
rule and that such developments usually remain limited to incremental increases in efficiency in 
companies. The reverse border-line case is innovation in environmental policy where politics 
clearly exceeds the given technological possibilities. 
The limits of ecological modernization (in the narrow sense) are thus defined by the limits of 
technology. However, these limits are dynamic. They can be extended by research (and by 
backing for research). For example, research into the development of procedures for reducing 
CO2 emissions, if successful, could substantially widen our room for manœuvre in climate poli-
tics – even if only in the sense of end-of-pipe measures. The rapid diffusion of suitable political 
innovations will then be as similarly predictable as the difficulty and slowness of a structural 
climate policy which de facto places restrictions on established energy mark ts (coal, oil). 
                                         
3 The use of cadmium was regulated in Sweden in the early 1980s with their standards for substitutes 
being adopted by European industry.   Not until the early 1990s, however, were thse standards made 
binding by the European Commission (Bätcher/Böhm/Tötsch, 1992).   
4 Combined heat and power (CHP) in industry spread largely autonomously, even though regulatory 
measures were intended to encourage its use in public power stations. 
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The variants of this interplay between politics and technology in any case are a central theme in 
research into the diffusion of ecological innovations, especially when it comes to selectively 
optimizing such innovations. 
6 The meaning of ecological lead markets 
The question that now arises is how ecological modernization can be structured against the 
background of globalization. Globalization, we must assume, has long since affected not only the 
markets but also environmental policy. And at this point we would like to quote once again the 
well founded hypothesis that national state environmental policy – irres ective of its other 
inadequacies – does not figure among the globalization losers (Vogel, 1995; Scharpf, 1998; 
Jänicke, 1998). On the contrary, in the global arena, the pioneering role of the environmentally 
more progressive nation states has gained a special significance. Pioneer countries in environ-
mental policy again and again create increasingly demanding environmental regulatis for 
certain sub-sectors of their markets which potentially send out a twofold international signal 
beyond the boundaries of their national market: 
1. A national market may be formed for environmentally-friendly technology acting as a basis 
for subsequent expansion to bigger markets. This best succeeds if the regulation model respon-
sible for creating this market is politically diffused. For example, a tax preference for fuel-saving 
cars can help suppliers in that country. And the diffusion of this instrument, e.g. throughout the 
EU, can bring appropriate market expansion. In this case the signal effect affects the demand 
side outside the domestic market.  
2. The pioneer market with its ecologically demanding regulations can, however, also send out 
signal effects to the supply side outside the domestic market. For example, California, with its 
stricter emission rules compared with the rest of the USA, was able to exert a general influence 
on the car industry (Vogel, 1995). Similarly, Denmark, in 1994, with its targeted promotion of 
energy-efficient refrigerators, was able to prompt European suppliers to offer such devices there. 
In cases like these, competitive companies can advertise their ability to supply such demanding 
market areas as a sure sign of their quality technology. 
Reference is made, in a larger research project carried out for the BMBF by the DIW, FFU, 
IÖW, and ZEW, to “ecological lead markets”. Lead markets generally are “geographic markets 
which have the characteristic that product or process innovations, which are designe to fit local 
demand preferences and local...conditions, can subsequently be introduced successfully in other 
geographic markets as well and commercialized world-wide without many modifications. In the 
model of international diffusion of innovations a lead market is the core of the world market 
where the local users are early adopters of an innovatio  o  an international scale” (Beise, 1999: 
4). Empirically lead markets are characterized as follows: 
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· high per-capita income, 
· demanding standards and innovative buyers, 
· pressure to solve problems and introduce innovations, and 
· flexible, innovation-friendly general conditions for manufacturers and consumers  
(cf. Meyer-Krahmer, 1997). 
Ecological lead markets may be regional or national markets for environmentally (more) suitable 
technologies. They may be stimulated by higher environmental preferences in that country, by 
special promotion measures, or by political market intervention. They affect competition in other 
market regions, trigger appropriate responses and adaptations, and lead to the international diffu-
sion of the new technology. The history of environmental protection is rich in examples for lead 
markets, from the legally coerced introduction of catalytic converters in ars in the USA, by way 
of government backing for wind power generation parks in Denmark, right through to the CFC-
free refrigerator. Another impressive example is the global diffusion of chlorine-free paper, from 
the political activities by Greenpeac  and the EPA in the USA, by way of the introduction of 
chlorine-free paper whitener in Scandinavian countries and various Greenpeace campaigns in 
Germany and Austria, right through to effective political market intervention in south-east Asian 
countries like Thailand (Mol/Sonnenfeld, 2000). 
Compared with general lead markets, ecological lead markets, i.e. those with the specific 
characteristics of environmental innovations, have a number of important special features: 
(1) They offer improvements and solutions for environmental problems which are mostly 
encountered worldwide or at least in a great many countries. Thus technological solutions to 
environmental problems enjoy, right from the outset and by their very nature, potentially larger 
markets. 
(2) They can usually be traced back and attributed to political activities. These activities involve 
the national state promotion of such innovations and the propagation of appropriate new tech-
nologies by international organizations (see above).
Their significance also increases with the general trend towards “benchmarking”, i.e. the imita-
tion of and alignment with the measurably best possible solution to each problem. When it 
comes to the ecological modernization of international markets with a view to establishing really 
sustainable development, the potential for political influence that this represents could be very 
considerable 
7 The limits of ecological modernization 
As previously explained the concept of ecological modernization, in its narrower sense, de-
scribes the spectrum of technical, system-compliant solutions to environmental problems. In the 
technocratic view described here, the concept comes up against its limits where potentially 
marketable technological standard solutions are not available. The so far unsolv d environmental 
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“persistent problems”, namely deforestation versus land consumption, bio-diversi y and threat-
ened species, soil erosion, final storage for nuclear waste, or the global climate (and the need for 
CO2 clean-up) all, so far, show up these limits. The modernization approach is thus not a viable 
option where the risk is acute and immediate defensive action is needed. 
On top of this comes the fact that incremental increases in ecological efficiency are still not a 
causal, sustained soluti n. They are easily wiped out by subsequent growth processes (e.g. spe-
cific emission reductions subsequently neutralized by increasing road traffic). The effects of 
environmental protection are canceled out again by growth and a reduction in pollution tends to 
be followed by a resurgence in pollution. These facts were recognized as early as the late 1970s 
as the “dilemma of the n curve” (Jänicke, 1979: 111). This always happens when a problem has 
to be combated under growth conditions not as a cause but s  ymptom. And this dilemma 
applies not only to clean-up environmental protection (end-of-pipe treatment) but even to effi-
ciency improvements. For example, Japanese industries, between 1973 and 1985, succeeded in 
saving energy and raw materials in a remarkable way but the high industrial growth in those days 
simply canceled out this effect (Jänicke/Binder/Mönch, 1997). The overall growth rate must thus 
always be accompanied by equivalent progress in (compensatory) technology providing envi-
ronmental relief. 
What is needed in the long term therefore is, firstly, a transition from incremental to radical 
innovations in which ecologically problematic procedures and products are substituted by un-
problematic ones (Kemp, 1997: 9). An example is the transition from efficiency improvement in 
coal-fired power plants to variants of solar energy (so-called backstop technologies). In between 
lie the border-line cases, a variety of incremental improvements which together represent a radi-
cally new quality (e.g. the zero-energy house). 
We also need, secondly, structural solutions, i.e. solutions of a non-technic l nature, changes in 
the structure of demand and of industry, and, based on these, an ecological structural policy. 
Finally we must also tackle the afore-mentioned areas that are difficult to control, namely life-
style, the level of personal mobility, and residential and accommodation structures, etc. The 
problem here is not simply that intervention in established interests and behavioral structures 
needs to go very deep. Unlike the economic-technical variant of ecological modernization we are 
not dealing here with marketable technical solutions to problems, i.e. new markets for supplies 
and services with all the usual advantages. There are, for a carefully targeted industrial restruc-
turing away from the environmentally intensive “chimney industries”, symptomatically enough, 
hardly any experience values available. Examples so far, namely the running down of coal 
mining in the Netherlands or of crude steel works in Luxembourg or the withdrawal from nuclear 
energy in Italy, were hardly suitable for or capable of diffusion and are unlikely to find imitators. 
Neither was the real motivation ecological (Binder/Petschow/Jänicke, 2000). 
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8 Ecological restructuring 
Ecological modernization with all its technological innovations is, despite this impressive poten-
tial, not enough to ensure long-term environmental stabilization. This is due not only to its 
inability to cope with all environmental problems but also to the double “hare and hedgehog-
dilemma” of ecological modernization (in the narrower sense); firstly in the afore-men ioned 
race between incremental environmental relief and economic growth and secondly in the way 
that ecological modernization comes up against the limit  of the modernization losers: If indus-
tries and private households save energy, cut their consumption of valuable raw materials, and 
use environmentally less intensive substitutes, all this will cause losses in the affected industrial 
sectors (mining, raw materials industry, power generation). However, these in many cases old 
industries, with established structures of power and influence, often succeed nonetheless in 
opening up new sales possibilities. For example, the power sector finds new uses for electricity 
which in turn neutralize the above-mentioned efforts to save energy (e.g. the increasing use of 
stand-by equipment). In a similar example, the successful environmental protection campaigns 
against using chlorine have since been canceled out by the expansion of chlorine uses in other 
areas. So long as any environmentally intensive sector tries in such ways to counteract ecologi-
cally desirable decreases in its production, we must go on reckoning with an ecological “n” 
curve. Ecological modernization is thus severely hampered by the absence of genuine restruc-
turing and by evasive behavior on the part of the modernization losers. Their reaction is of 
course all too understandable - so long as the adversely affected industries and regions have no 
alternative perspectives and change takes place in ways that are not economically and socially 
acceptable. 
This is precisely where – strategically speaking – ecological industrial policy should be applied. 
Its function is above all to make the industrial restructuring which is inextricably connected with 
ecological modernization socially and economically acceptable. It can promote diversification in 
other product types or support reductions in capacity where these are economically acceptable. It 
can also provide social cushioning, retraining, and conversion and reorganization assistance on 
site. Candidates for such structural policy are, for example, mining, fossil-based and nuclear-
based power generation, and many basic and raw material industries. Ecological indu trial p licy 
can be recommended especially in those sectors faced by crisis in both ecological and economic 
terms. 
What is needed therefore, parallel to ecological modernization, is to make the restructuring inex-
tricably connected with ecological modernization easier for those affected and to favor innova-
tive investment precisely in the regions affected. The necessities, possibilities, and constraints 
involved in cushioning ecological modernization by structural policy can be studied by looking 
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at the example of Nordrhein-Westfalen5. Here we come up against the limit of the economic-
technical modernization concept. Beyond this lies the realm of Sisyphus – the uphill struggle of 
structural solutions and “persistent problems” – where environmental policy to date has – apart 
from elements of nature conservation – clearly achieved fewer successes. Here we can expect no 
assistance from systemic modernization logic, from technological potentials, and from eco-
nomic-ecological win-win constellations. Here, in many cases, before anything else, we have to 
remedy the very absence of social and political room for manœuvre. This decisive difference 
should not be blurred by applying some commonplace concept of ecological modernization. The 
non-technological, strucure-related approaches need a term of their own; “ecological restruc-
turing” would be an apt designation. 
9 Conclusions 
A long-term strategy for ecologically sustainable development should first of all as a priority 
exploit the considerable efficiency potentials in ecological modernization and in this way attempt 
to gain speed and win acceptance in order to improve its chances when it comes to the more 
difficult structural solutions. Part of this difficult task is to take account of sufficiency require-
ments. 
The modernization approach can rely on genuine trends which can also be selectively reinforced. 
In the international competition between the developed industrialized countries to offer innova-
tion and attractive commercial and industrial locations, the environment question has gained 
substantial significance. This also alters export conditions for threshold countries offering 
products in the “highly developed” EU or OECD markets. Innovations - a d especially environ-
mental innovations – are not only a con ern of pioneer companies; they are substantially pushed 
politically by pioneer countries. Pioneer work in environmental technology can only take place 
within the framework of a corresponding environmental policy. Pioneer countries in environ-
mental protec ion have made this quite clear ever since the early 1970s. These are nowadays, 
notably, mainly small industrialized countries, firmly integrated in the global market, such as the 
Netherlands, the Scandinavian countries, and in the future probably also countries like South 
Korea. Although globalization is often viewed with pessimism as weakening the nation state, it 
must be stated on the other hand that: never before have nation states, and not least small indus-
trialized countries, had so strong an influece on global developments as in today’s environ-
mental policy – i.e. quite the opposite story to financial policy, for example. This is true both for 
national environmental planning and for ecological taxation reform. It is also true above all for 
the innovation- and competition- riented environmental strategy of ecological modernization 
(Jänicke/Weidner, 1997; Andersen/Liefferink, 1997). Of course the large industrialized countries 
                                         
5 Translator's note: Nordrhein-W stfalen, German Bundesland, North-Rhine-Westphalia, home of 
traditional heavy industry. 
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can also play this role. After all, the USA, Japan, and Germany – the le di g exporters of envi-
ronmental technology – were all at different points in time themselves pioneers in questions of 
environmental policy. 
All in all, as we have shown, pessimism may be justified regarding structural solutions beyond 
technological options; but the possibilities of a global strategy of ecological modernization are 
still far from being exhausted. We are standing here at the beginning of an accelerating 
development. 
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